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ABSTRACT

Recently, spearmint (Mentha spicata) has been used as a valuable source of the
potent antioxidant for the nutraceuticais and cosmetic industries. So, antioxidant
activity of spearmint extracts, ethanolic or water, were determined using two lipid
model systems (DPPH scavenging activity and B-carotene bleaching test) and
compare with a synthetic one, phenolic compounds were also determined. UF-white
cheese was manufactured with adding different concentrations of dried spearmint.
Chemical composition and consumer's acceptability of produced white cheese were
studied. The results show that DPPH scavenging activity ‘was 77 % and 87 % for
ethanolic and water extract respectively and lower concentrations of spearmint
showed the highest overall acceptability.
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INTRODUCTldN

Foods contain factors that promote the oxidation of fatty acids, which
is the major cause of chemical spoilage, resulung in rancidity andfor
deterioration of the nufritionat quality, colour, flavour texture and -safety of
foods (Antolovich ef al, 2002), There is an increasing interest in both industry
and scientific research for spices and aromatic herbs because of their strang
antioxidant and antimicrobial properties. These properties are cue to many
substances, including some vitamins, flavonoids, terpenoids, carotenoids,
phyto- estrogens, minerals (Calucci ef a/,, 2003 and Suhaj, 2006). Antioxidant
may be present as endogenous factors or may be added to preserve food
lipid components from quality deterioration. Synthetic antioxidants such as
butylated hydroxyl anisole (BHA), butylated hydroxyl toluene (BHT) and
propyl gallate (PG) are commonly used in food formulations. However, due to
safety concerns, interest in natural antioxidants has intensified, to address
the demand by consumers {Shahidi, 2000). Spearmint, as a plant, contains a
board range of bioactive compounds from the secondary metabolism such as
lipids, phytochemical, pharmaceutics, flavor, fragrances and pigments.
Extraction techniques have been widely investigated to obtain such valuable
natural compounds for commercialization. Spearmint (Mentha spicafa) is
originally a native of the Mediterranean region, belonging to the family
Labiatae (Lamiaceae), and the most common one (Wang & Weller, 2006).
Plants belonging to the Lamiaceae family are very rich in Phenolic
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compounds which have been shown 1io0 have antioxidant activity.
Furthermore, these compounds are very aftractive not only in modem
phytotherapy but also in food industry (Kanatt et al, 2007). Previous studies
found that spearmint water extract inhibited the mutagenic activity of the
parent compound and other heterocyclic amines through inhibition of
carcinogen activation and via direct effects on the activated metabolites (Vu
et al, 2004). On the other hand, white cheese is a widespread cheese group
produced in many countries and the most popular and economically the most
important variety of traditional soft or semi hard cheese. In Egypt, more than
70% of milk produced is used in cheese making especially white cheese,
statistics show that there is increase in local consumption of white cheese
with the rate of 1.8 % annually (CAPMS, 2004), So, the aim of the present
work was to study the antioxidant actmty of spearmint extracts and applied
for the production of white cheese.

MATERIALS AND METHODS

Buffaio's milk retentate was obtained from Dairy Industry Unit, Animal
Production Research Instifute, Ministry of Agriculture, Cairo, Egypt. The
chemical composition of milk retentate was 29.2% total solids; fat 15.5 %;
total protein 12.5% and Titratable acidity 0.09%. Dried spearmint (Mintha
spicata L.) was ridtained from Medicinal and Aromatic Plant Research Dept.,
Agriculturé Research Cenitre, Giza, Egypt, Microbial rennet (Mucor mehiei)
" was obtained from Nove Denmark, -

Preparation of the extracts:

Alcoholic and water exiracts were prepared according to the method
which described by Pautanachokchai ! al, (2002) and Kansoch et al, (2001)
respectively. The extracts were decanted aivd the supernatants were filtered

" through filter paper Whatman No.1, and lyophilized by a lyophilizer (Snijders
. type 2040, Netherlands). The Yield of each extract was determined.
Evaluation of antioxidant activity of spearmint extracts

Antioxidant activity of spearmint exiracts were characterized individually by
two complementary test systems, using 2,2-diphenyl-1 picryl-hydrazil, DPPH
(Tepe ef al, 2005) and B—carofenedinoleic acid (Miller ef al, 1993) with
modifications by Wanasundara et al, (1994), and compared with the stable
synthetic antioxidant, Butylated Hydroxy Anisole (BHA). Spearmint extracts
concentration which providing 50% inhibition (ICso) was calculated using the
graph by plotting inhibition percentage against extract concentration. Total
phenolic compounds were determined according to Zheng & Wang (2001),
and the results were expressed as milligrams of gallic acid equivalent/g of dry
extract. All tests were carried out in triplicate.

Cheese making:

Control and spearmint white cheese were prepared according to Foda et
al, (2006) as follows, milk retentate was divided into 4 portions; the first was
served as control. Three different levels {0.25, 0.5 and 0.75% (whi)} of
ground dried spearmint were added to the other three portions. The mixture -
was salted to a concentration of 3%, mixed well and pasteurized at 73 °C fur
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15 sec., curds were hold at 40°C after adding the rennet, then distributed in
plastic containers. Al cheese samples were stored under refrigerator
temperature (5£2°C) for 5 weeks; samples were taken fresh and every week
for different analysis. Three replicates were prepared for each cheese to
determine their chemical compaosition and sensory analysis.
Chemical analysis

Cheese samples were analyzed for moisture, fat contents and Titratable
acidity according to Ling, (1963), while total nitrogen (TN %) was determined
by Kjeldahi method (AOAC, 2000). Protein content was obtained by
multiplying the percentage of total nitrogen by 6.38. Water-soluble nitrogen
{WSN) was extracted, Trichloroacetic acid soluble nitrogen (TCA-SN) and
phosphotungstic acid soluble nitrogen (PTA-SN) were determined according
to the method which described by Coskun & Tuncturk (2000). Total volatile
free fatty acids (TVFFA) were determined according to Kosikowski, (1978).
Sensory analysis:

Fifteen panelists (7 male and 8 female, aged between 25 and 45 years)
who have experience with white cheese and reguiarly used its descriptive
vocabulary, were participated. They scored the cheese for appearance &
colour (20), body & texture (20), odour (20), taste (20), and overall
acceptability (20). Panel members were also instructed to report any defects
or unpieasant flavour. Water and no salted crackers were provided to clean
their palates between tasting.

Statistical analysis

Statistical analysis of experimental data was performed by analysis
of vartance (ANOVA) producers using SAS PROC GLM/STAT (SAS, 1998).
Differences among means were identified using Duncan muitiple range test.

RESULTS AND DISCUSSION

Yield of spearmint extracts
Ethanolic extract of dried spearmint obtained higher yield (24 %)

compared with water extract (5.4 %). Similar results were reported by Kanatt ef
al., (2007) who found the yield of water extract was 6.1 %,
DPPH radical scavenging activity

DPPH radical scavenging activities (%) were increased with increasing
the spearmint extracts from 10 to 250 pg / ml, as shown in Fig.1, with both
ethanolic and water extract. Higher concentration (S 20 ug/ml) of water
extract reduced the DPPH free radicai significantly, with an efficacy much
higher than the reference (BHA). Concentration of spearmint providing 50 %
inhibition of DPPH (ICs) is shown in Table (1), ICsp of water extract was (7.7
| pg/mi); lower than ethanolic extract and close to BHA value. Kanatt ef al,
(2007) found the ICsy of spearmint water exiract was 258 pg/mi, this
difference could be due to the spearmint type, the extraction method and/or
the quality of the original plant, its geographic “origin, the harvesting date,
storage and processing prior to extraction (Cllanketo st al., 2002). Phenolic
compound is cne of the major groups acting as primary antioxidants, is
shown in Table (1). Total phenclic compounds in spearmint ethanolic extract
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were significantly higher than in water extract. Similar result was found by
Kaur & Kapoor (2002).
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Fig.1: DPPH radical scavenging activity of different concentration of
" spearmint extracts compared with BHA

Table (1) Spearmint extracts providing 50% inhibition of DPPH (ICy)
and their total phenolic compounds

Concentration Water extract Ethanolic axtract BHA
Cso 7.7t 0.94° 13.581.71* 5.0£0.47°¢
otal Phenolic* 39.77£0.20 117.37 £ 3.47 ND

Amount of Phenolic compounds (mg gallic acid/ g dry extract)
ns in the same raw showing the same capital letters are not significantly different (ps|

.05)
D = not detected

p-carotene bleaching test

B-carotene bleaching assay, has a high specificity for lypophilic
compounds and in this assay antioxidant capacity is determined by
measuring the inhibition of the volatie  organic compounds and the
conjugated diene hydroperoxides arising from linoleic acid oxidation. The
inhibition of lincleic acid oxidation (%) by different concentrations (50, 100
and 200 pg/mi) of spearmint extracts determined at 20,40,60, 80 and 100
min incubation time are shown in Fig.2 a-c. The antioxidant power decreased
with increasing the incubation time. Ethanclic extract did not show any
antioxidant activity at both concentrations 50 and 100 ug/ml, while with
increasing its concentration to 200 po/ml the activity reached 36.58%, it is
considered as low antioxidant activity (<60%). Water extract showed higher
antioxidant activity after 40 min of incubation time with lower concentration
(50 pg/mi), and after 60 min with higher concentration 100 or 200 pg/ml,
reached 62.28 %, considered as moderate antioxidant activity (60- 70 %) as
mentioned by Kaur & Kapoor (2002). These results are in agreement with
Tepe ot al,, (2005) who reported that polar extract exhibited stronger activity
than non-polar extracts, indicating that polyphencles or flavoncids may play
an important role in the activity. BHA being a synthetic antioxidant cannot be
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used beyond a concentration of 200 ppm, while, for antioxidant from natUraI
sources there is no such limit (Suja ef al., 2005).
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Fig. 2: Antioxidant activity of spearmint extract concentrations
determined by f-carotene test compared with BHA
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Physiochemical properties of white cheese with dried spearmint:

Table (2) shows that increasing spearmint concentration from 0.25 to 0.75
% increased the moisture contents of white cheese insignificantly. This couid
be due to the ability of the herb for absorbing more water and keep it into the
curd. Also, prolonging the cold storage for 2 weeks decreased the moisture
content significantly. However, the reduction of moisture content in ali
samples was slowly, this is due to the fact that cheese were packaged and
stored in plastic containers with low moisture permeability. These results are
in contrarily with previously obtained by Coskun & Tuncturk {2000), Tarakci &
Kucukoner (2006) and Foda et al, (2006). Different concentrations of
spearmint didn't affect fat or protein contents, but significant effect (P<0.05)
was observed in fat content during the cold storage for 5 weeks, while with
protein content only after 2 weeks. These results are similar to those obtained
by Tarakci st al., (2004), Tarakci & Kucukoner (2006)) and Foda et al,
(2006). Titratable acidity (TA) values were changed insignificantly by
increasing the spearmint concentrations and increased significantly (P<0.05)
by prolonging the storage period. Similar results were previously reported by
Foda et al., (2006} and in contrarily with Coskun, & Tuncturk (2000),

Table (2): Effect of dried s pearmint on physiochemical properties of
white cheese during cold storage period

Cheese samples Moisture Fat Protein Acldity
| _ %) {%) (%)
Dried speamint {%)"
Control 68.22£0,59°° | 15.22:0.27" | 10.5240.14°° [0.22+0.10"
0.25 68.77 £ 0.64" 16.25 10.23% 10.47 10.14"  |0.22 01"
0.50 68.80£0.77° 15.24 ¥0.34" 10.5230.217  0.23 +0.1°
0.75 69.08 £0.63". | 15.23+0.19" 10.68 $0.40° 10.22 10.17
Storage period
(wooks)™
Fresh £5.86 $0.58™ 14,75 $0.58° 10.67 0.28 .12 30.04°
1 68.91 +0.71" 15.07 20.71” [ 10.61 20.26 .14 £0.03°
2 68,83 +0.82" 15.15+0.82° | 10.58 +0.28 .19 10.04 |
3 67.94 $0.66" 15.2230.66° | 10.61 £0.31° 0.26 10.06
4 67.94 $0.53° 16.3530.53° | 10.72 $0.33"_[0.31 :0.07° |
5 67.62+0.63" | 1563 +0.63" 11.03 0.2 10.28 £0.06™
Different letters are signiflcantly different (p< 0.05) In each group (cheese samples or
brage period)."Each value represents 18 values, ** Each value represents 30 values.

Effect of dried spearmint on biochemical characters of white cheese:

Water soluble nittogen (WSN) in herby white cheese, Fig. 3, were
increased significantly (P<0.05) by increasing the concentrations of spearmint
compared with control cheese. These results could be due to higher content
of proteolytic bacteria in herby cheese. Also, significant increased (P<0.05)
was observed after 2 weeks of cold storage (Table, 3). Similar results were
obtained by Coskun& Tuncturk (2000), Agboola & Tesic (2002), Tarakd, et
al., (2004) and Foda ef al., (2006).
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Fig.3: Effect of dried spearmint concentrations on WSN content of
white cheese during cold s torage period

Fig.4 shows insignificantly increasing in TCA-SN content between
spearmint cheese and control sample. While, significant increased (P<0.05)
was cbserved after 4 weeks of cold storage (Table, 3). Fig.5 shows that dried
spearmint increased PTA-SN content, but there is no significant increase
presented between the different concentrations. While, significant increase
(P<0.05) was observed after 2 weeks of cold storage (Table 3). Similar
results were obtained by Coskun, & Tuncturk, (2000), Tarakei et al., (2004),
in contrarily with those obtained by Agboola & Tesic (2002). Previous study
showed that different values of TCA-SN and PTA-SN were found in 20
samples of commercial fresh herby cheese related to the environmental
conditions such as storage temperature and humidity, in addition to cheese
making conditions such as pH, salt, different herbs, etc., (Tarakci &
Kucukoner, 20086),
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Fig.4: Effect of dried spearmint concentrations on TCA-soluble
nitrogen content of white cheese during cold storage period
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Fig.5: Effect of dried spearmint concentrations on PTA-soluble
nitrogen content of white cheese during cold storage period

The changes of total volatile free fatty acids (TVFFA) regard to
spearmint concentration are shown in Fig.6. The highest spearmint
concentration {0.75%) caused significant increase in the TVFFA, this value
significantly increased after one week of cold storage (Table, 3). Lipolysis of
control semi hard cheese and which prepared with 1g mint / kg cheese

showed no increase in lipolysis value between days 7 and 30 (Agboola &
Tesic, 2002). These differences could be due to different type of cheese (soft

and semi —hard).
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Fig.6: Effect of dried spearmint concentrations on Total Volatile Free
Fatty Acids (TVFFA) content of white cheese during cold

storage period
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' Table (3): Effect of the concentrations of dried spearmint on iochemical
characters of white cheese during cold storage.

Cheese samples |

WSNTN% | TICASN | FPTASN | TVFFA
Dried spearmint”
_UA)
Cantrol 11.59%1.26% 3,44 20.25 2352047 2.312 0.40°
0.25 12964238 | 3.7920.41° | 3.29 £0.32° | 2.3730.68°
0.50 13,322,685 | 3.79£0. 31420.89" | 2520.48™
0.76 13.3121.92" | 4.05t0.08 " 3.1020.34" 3.02 20,12
Stgtc_a@ perlod {weeks) ~
Fresh 10,.5331.34 3.5620.46° 2.4480650° | 242048
1 10.88%1.00° 3.6320.37°C | 2.4830.46° 2.2130 48"
2 11,1811 3.62%0.30 2.62%0.55%° 2.3720.43°
3 12.33£1.66° 3.6520.38°° | 2771068 ° | 2.603041°
4 13.59x1,94™° | 3.8410. 2.8810.78 2.8120.43°
5 15.2612.88" 3.96+0.41 3.0280.59 % | 3.0630.40"
Difforont lettors are significantly different (p< 0.05) in each group {cheese samples or
rage period).*Each vailue represents 18 values, ** Each value represents 30 values.
FA = (Total Volatile Free Faity Acids ) 0.1N of Na OH /10y cheese

Sensory evaluation

Sensory scores of white cheese contained different concentrations of
dried spearmint during cold storage are presented in Table (4). Dried
spearmint with different concentration decreased the appearance & colour
score significantly (P<0.05). While, prolonging the cold storage for 5 weeks
showed insignificant effect on these scores. Increasing dried spearmint from
0.25 to 0.50 decreased body & texture, cdour and taste significantly (P<0.035),
while, prolonging the cold storage didn't affect these parameters. Similar
results were previously obtained by Tarakci & Kucukoner (2006} and Foda st
al,, (2006).
Table (4): Effect of drled spearmint concentrations on some
organoleptic properties of white cheese during cold storage.

Cheese samples Appearance &  Body Cverall
colour STexture Odour Taste acceptablility
{20) (20) (20 (20) {20}
Dried spearmint*
% ;
o.z(s ' 16.2020.31° 16.8310.46° 17.46 :0.78" 17.0220.99 16.35 10.58°
0.50 13.22 $1.22°  17.1520.40° 16,13 £1.00°  15.91 £1.06° 15.07 £0.64°
0.75 11.3942.22° 16.74 $0.58° 1583 £1.02° 14.89 20.96°° 14,37 £0.49°
tora od (weeks)™
y g.mp:ﬂ (11 50 $3.65° 1831 £0.79" 17.07 £1.49"® 16.08 £2.72" 16.04 290"
1 17.41£3.36" 18.24 +0.72* 16.84 11.75*° 1627 +2.22" 16.191289"
2 17.24 $3.49" 1812 20.84* 16.81 11.72"° 16.06 £2.43" 1593 £2.64™
3 17.58 $3.06" 18.20 £1.04* 17.48 £1.38* 1629 ¥1.81* 16.43 x1.98"
4 17.32 $1.70"  17.7440.76*® 16.14 £1.76° 1540 £2.68"® 15.69 2.26"°
s 17.50 $1.85* 17.43+1.00° 16.58 11,62 15.023.168° 15.14 £3.08°
Oifferent lotters are significantly different {p< 0.05) in each group, cheese samples or

jstorage period. *Each value represents 18 values, ** Each value represents 30 values.
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Conclusion .

Dried spearmint and its extracts {(ethanolic or water) are recommended to
produce white cheese with high antioxidative activity. The recommended
concentrations of dried spearmint can vary based on the consumer's
acceptability.

Further research should be done to study the effect of cheese processing
(milk pasteurization and homogenization} on the antioxidant activity of herby
cheese.
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